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(57) ABSTRACT 

Disclosed are a method and a corresponding kit for deter 
mining the cytotoxicity of a test agent. The method includes 
the steps of adding a pre-determined amount of the test agent 
to a vessel containing living cells in culture medium. The 
cells are then incubated for a pre-determined amount of 
time. To the cells and culture medium is then added a reagent 
mixture that is non-toxic to the living cells. In the preferred 
embodiment, the reagent mixture contains a solvent, a dye, 
an electron transfer agent, a substrate for a cytoplasmic 
enzyme having a half-life greater than tWo hours and NAD+. 
The contents of the vessel are then measured for production 
of the reduced state of the dye, the production of the reduced 
state of the dye being caused by a cytoplasmic enzyme 
speci?c for the substrate in the reagent mixture. In the 
preferred embodiment, the production of the reduced state of 
the dye is caused by lactate dehydrogenase released from 
dead and dying cells Within the vessel. The kits contain 
components necessary for performing the method. 

22 Claims, 5 Drawing Sheets 
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KIT FOR MEASURING CYTOTOXICITY OF 
A TEST AGENT 

This is a divisional of application Ser. No. 10/124,029, 
?led Apr. 17, 2002 now US. Pat. No. 6,982,152, the entire 
content of Which is incorporated herein. 

FIELD OF THE INVENTION 

The invention is directed to assays for determining the 
cytotoxic effect of a given test compound or a given set of 
test conditions. The inventive method measures the release 
of a cytoplasmic component from dead and dying cells, the 
cytoplasmic component having a half-life in culture medium 
greater than tWo hours, and preferably greater than four 
hours at 370 C. The cytoplasmic component is measured by 
the conversion of an indicator dye. The preferred cytoplas 
mic component to be measured is lactate dehydrogenase 
(LDH), an enZyme that catalyZes the oxidation of lactate to 
pyruvate. Thus, in the preferred embodiment, an LDH 
catalyZed oxidation of lactate is linked to a diaphorase 
catalyZed reduction of a non-?uorescent species to yield a 
?uorophore. Kits for practicing the invention are also dis 
closed. 

BACKGROUND 

Methods to determine cell viability or cytotoxicity in 
response to exposure to a given test agent are key to 
pharmaceutical and environmental testing, pesticide and 
herbicide testing, drug discovery, etc. In short, to determine 
Whether a given chemical agent presents a real or potential 
risk When exposed to a given cell type requires a method that 
reliably, precisely, and accurately measures cell toxicity 
and/or viability after exposure to the test agent. 
A common method of determining cell viability is based 

on the ability of the membrane of viable cells to exclude 
vital dyes such as trypan blue and propidium iodide. Living 
cells exclude such vital dyes and do not become stained. In 
contrast, dead or dying cells that have lost membrane 
integrity alloW these dyes to enter the cytoplasm, Where the 
dyes stain various compounds or organelles Within the cell. 

Non-viable cells that have lost membrane integrity also 
leak cytoplasmic components into the surrounding medium. 
Cell death thus can be measured by monitoring the concen 
tration of these cellular components in the surrounding 
medium. One such method is described in Corey et al. 
(1997) J. Immunol. Melh. 207143-51. In this assay, the 
release of glycerldehyde-3-phosphate dehydrogenase 
(G3PDH) from dead or damaged cells is measured by 
coupling the activity of the released G3PDH to the produc 
tion of ATP. 

Other methods to test for cell viability or cell death rely 
upon the conversion of a dye from one state to another. For 
example, in a typical format, prior to the reaction the dye 
absorbs at a ?rst Wavelength of radiation. The dye is then 
converted to a product that absorbs at a second (and differ 
ent) Wavelength of light. By monitoring the conversion of 
the dye from one state to the other, the extent of cell viability 
or cell death can be determined. A number of suitable dyes 
for this purpose are knoWn in the art. The most frequently 
used of these indicators are electron-acceptor dyes such as 
tetraZolium salts. TetraZolium salts knoWn in the prior art 
include MTT (3-(4,5-dimethylthiaZol-2-yl)-2,5-diphenyltet 
raZolium bromide), XTT (sodium 3'-{(1-phenylamino-car 
bonyl)-3,4-tetraZolium}-bis(4-methoxy-6-nitro)benZene 
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2 
sulfonic acid hydrate), and MTS (3-(4,5-dimethylthiaZol-2 
yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H 
tetraZolium, inner salt). 
A typical cell viability and proliferation assay using MTS 

has been described (Buttke et al., (1993) J. Immunol. Meth 
ods, 157: 233-240). Dunigan et al. (1995, BioTechniques, 
19:640-649) proceed to describe that one of the hallmarks of 
metabolism is the generation of energy via complex redox 
reactions of organic molecules. A great many of these 
reactions utiliZe [3-nicotinamide adenine dinucleotide 
(NADH) or [3-nicotinamide adenine dinucleotide phosphate 
(NADPH) as hydrogen donors. While it is theoretically 
possible to monitor NADH and NADPH concentrations 
directly via spectrophotometry, from a practical standpoint, 
direct spectrophotometric analysis is limited due to the 
presence numerous components that absorb light near the 
absorption maximum of NADH and NADPH (e:16,900 at 
km“ of 259 nm). For example, NAD+, NADP+, DNA, 
RNA, and most proteins have absorption maxima at 
approximately 260 nm. 

Buttke et al. describe using MTS to measure indirectly the 
reduction caused by living, proliferating cells, MTS having 
an absorbance in the visible region When in its reduced form. 
The reduced, for'maZen form of MTS is Water soluble and 

has a broad absorption maximum centered at 450-580 nm. 
The experiments described by Dunigan et al. are entirely cell 
free. MTS and MTS/phenaZine methosulfate (PMS) solu 
tions Were prepared as stock solutions and various combi 
nations of enzymes and reducing agents Were added to 
aliquots of the stock solutions and analyZed spectrophoto 
metrically over time. Various combinations of NADH, 
NADPH dithiothreitol, 2-mercaptoethanol, malic acid, isoc 
itric acid, malate dehydrogenase, and isocitrate dehydroge 
nase Were tested. The authors found that MTS alone con 
verts only very sloWly to its reduced for'maZen structure. 
Reactivity of the MTS, hoWever, is hugely accelerated by 
adding 5% of the electron transfer reagent PMS to the 
reaction solution. Thus, the authors conclude that MTS/PMS 
is a useful monitor of NADH and NADPH generation in 
cell-free aqueous systems. 

Lancaster et al., US. Pat. No. 5,501,959, issued Mar. 26, 
1996, describe a cell is viability and proliferation assay 
Wherein microorganisms, tissue cells, or the like, are incu 
bated in a groWth medium in the presence of the dye 
resaZurin and a compound to be tested. A redox stabiliZing 
agent, dubbed a “poising” agent, is also added to the reaction 
mix to inhibit non-speci?c autoreduction of the resaZurin 
due to components found Within most culture media. In this 
assay, the resaZurin dye is reduced by the activity of living 
cells. Thus, in the Lancaster et al. assay, the resaZurin dye is 
used as a redox indicator to detect microbial groWth, not 
microbial death. The reduced form of resaZurin, knoWn 
trivially as resoru?n, can be detected ?uorimetrically or 
colorimetrically. ResaZurin, the oxidiZed form of the dye, is 
blue, While resoru?n, the reduced form of the dye, is red. 

Several cytotoxicity assays can be purchased commer 
cially. For example, Molecular Probes of Eugene, Ore., 
markets a cytotoxicity assay kit under the trademark 
“Vybrant”. The “Vybrant”-brand assay detects the release of 
the cytoplasmic enZyme glucose-6-phosphate dehydroge 
nase (G6PDH) from dead and dying cells. This assay detects 
G6PDH via a tWo-step process that leads to the reduction of 
resaZurin to resoru?n. Molecular Probes+ product literature 
speci?cally states that incubations longer than 24 hours “Will 
result in signi?cant degradation of G6PDH, impairing the 
assay results.” See Molecular Probes’ product information 
?ier no. V-23111, revised Oct. 22, 2001. In the hands of the 
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present inventors, however, the half-life of the G6PDH 
following cell lysis at 370 C. Was estimated to be less than 
tWo hours at 370 C., thus rendering this kit unsuitable for 
cytotoxic testing over longer spans of time. 

Promega Corporation of Madison, Wisconsin, markets a 
line of cell viability, cytotoxicity, and cell proliferation 
assays under the trademarks “CellTiter 96”, “CellTiter-Glo”, 
and “CytoTox 96.” See Promega Technical Bulletin Nos. 
112, 169, 245, and 288. Promega’s “CytoTox 96”-brand 
non-radioactive cytotoxicity assay, for example, is a colo 
rimetric assay for determining the cytotoxicity of a test 
compound. This assay quantitatively measures the release of 
LDH from dead cells using an enZyme-linked reduction of 
INT, an MTS-like tetraZolium dye (see U.S. Pat. No. 5,185, 
450 for a full description of the MTS dye). This assay is a 
tWo-step protocol (i.e., it is non-homogeneous) and the INT 
dye is detected colorimetrically. This assay uses conditions 
that are incompatible With living eukaryotic cells as the 
reaction takes place at a pH of 8.5 With a detergent (Triton 
X100) present. 

Genotech of St. Louis, Mo., markets a lactate dehydro 
genase (LDH)-based cytotoxicity assay under the trademark 
“CytoScan”. The “CytoScan”-brand assay is a colorimetric 
method that measures LDH released from dead cells. The 
LDH released by dead cells is measured via a coupled 
enZymatic reaction that results in the reduction of a tetra 
Zolium salt into a red-colored formaZen. The LDH activity 
is then determined as a function of NADH oxidation or 
tetraZolium reduction over a de?ned period of time. See 
Genotech catalog no. 786-210. Essentially identical assay 
kits are marketed by Panvera of Madison, Wis. (LDH 
Cytotoxicity Detection Kit, Panvera product no. TAK 
MK401), Oxford Biomedical Research of Oxford, Michigan 
(Colorimetric Cytotoxicity Assay Kit, Oxford product no. 
LK 100), and Roche Molecular Biochemicals of Indianapo 
lis, Ind. (Cytotoxicity Detection Kit, Roche catalog no. 1 
644 793). All of these kits require a tWo step procedure to 
remove culture medium to a separate container and thus are 
non-homogeneous. 

Sigma of St. Louis, Mo., markets tWo different in vitro 
toxicology assay kits under the Product Names “Tox-7” and 
“Tox-8”. The “Tox-7” kit is LDH-based and is essentially 
identical to Genotech’s “CytoScan”-brand assay described 
in the preceding paragraph. The “Tox-7” assay is a tWo-step 
process that requires transferring a supernatant or a cell 
lysate to a separate vessel, Where the supernatant or lysate is 
then analyZed. TWo-step processes are not preferred for 
high-throughput screening due to the increased material 
handling requirements. The particular tetraZolium dye used 
in Sigma’s “Tox-7” kit is not speci?ed, but the product 
literature indicates that the reaction is measured spectropho 
tometrically at 490 nm, the absorption maximum typical for 
formaZans (and the same Wavelength speci?ed in the Geno 
tech product). 

All of these commercially available kits require transfer 
of culture supernatant to an additional vessel for enzymatic 
measurement of LDH activity and are therefore non-homo 
geneous. 

In Sigma’s “Tox-8” assay, bioreduction of resaZurin by 
viable cells (not dead cells) results in the formation of 
resoru?n. The amount of dye reduced can be measured 
?uorimetrically or spectrophotometrically. 

BioSource, International (Camarillo, Calif.) markets kits 
for measuring cell proliferation and viability under the 
trademark “alamarBlue,” (see catalog nos. DAL1025 and 
DALI 100). Like resaZurin, “alamarBlue”-brand dye can be 
used to monitor the reducing environment of living cells. 
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4 
The technology underlying this commercial product is 
described in Lancaster, U.S. Pat. No. 5,501,959. 
The use of absorbent pads impregnated With resaZurin and 

antibiotics for antimicrobial susceptibility testing are 
described in Baker et al. (1980) Microbiol. 261248-253 and 
Canadian Patent No. 1,112,140. Bacterial isolates are 
applied to the pad in a brain heart infusion broth. The 
protocols described, hoWever, are not suitable for determin 
ing minimum inhibitory concentrations (MIC). KanaZaWa et 
al. (1966) J. Antibiotics 191229-233 also describe the use of 
absorbent pads impregnated With resaZurin and antimicro 
bial agents for use in susceptibility testing. BroWn et al. 
(1961) J. Clin. Path. 5:10-13 and Us. Pat. No. 3,107,204 
describe the use of absorbent pads impregnated With a 
tetraZolium redox indicator and antimicrobial agents, also 
for use in susceptibility testing. 

There remains, hoWever, a long-felt and unmet need for a 
cytotoxicity assay that measures cell death (rather than 
viability), Wherein the assay is rapid, the components are 
non-toxic (and thus the test can be run in the presence of the 
cells being investigated), and Wherein the cytoplasmic com 
ponents measured have a half-life greater than about tWo 
hours. 

SUMMARY OF THE INVENTION 

In recognition of the above-described shortcomings, a 
?rst embodiment of the invention is directed to a method for 
determining the cytotoxicity of a test agent. The method 
comprises ?rst adding a pre-determined amount of the test 
agent to a vessel containing living cells in culture medium. 
The cells are then incubated in the culture medium for a 
pre-determined amount of time. To the incubated cells and 
culture medium is then added a reagent mixture that is 
non-toxic to the still-living cells in the culture medium. The 
reagent mixture comprises a solvent, a dye having an 
oxidiZed state and a reduced state Wherein the reduced state 
can be distinguished from the oxidiZed state and Wherein the 
dye is initially present in the oxidiZed state, an electron 
transfer agent, a substrate for a cytoplasmic enZyme having 
a half-life greater than tWo hours and a cofactor for the 
cytoplasmic enZyme. The contents of the vessel are then 
measured for production of the reduced state of the dye. The 
reduced state of the dye is produced by a cytoplasmic 
enZyme that Will convert the substrate included in the 
reagent mixture to the desired product. The cytoplasmic 
enZyme is released from dead and dying cells Within the 
vessel, but may also be present as a component in the cell 
medium such as serum. Thus, by quantifying the amount of 
this enZyme indirectly (by detecting the reduced state of the 
dye) and subtracting background amounts present before 
cell compromise takes place, cell death caused by the test 
agent is determined. 
The invention also encompasses kits to carry out the 

above-described method. The reagent mixture that is used in 
the method (and provided in the kit) can be added directly 
to the culture medium (With the cells present) Without 
adversely affecting cell viability for the duration of the 
assay. In the preferred embodiment, the method and the 
corresponding kit yield results essentially immediately, gen 
erally in about 10 minutes. Data can be gathered either 
calorimetrically or ?uorimetrically. Fluorometric measure 
ment is much more sensitive and is the preferred means of 
resoru?n detection. In other embodiments, data can be 
collected very quickly after addition of the reagent mixture, 
With the data gathering process generally being possible in 
a matter of seconds or minutes. 
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It is much preferred that the entire method be conducted 
in a single vessel. That is, the cells are placed into a vessel 
containing suitable medium. The test agent is added to the 
vessel. The vessel With the cells and the test agent is 
incubated. The reagent mixture is then added to the same 
vessel, in the presence of the incubated cells (rather than 
taking a cell-free aliquot and adding the reagent mixture to 
it). The cell medium is then measured (calorimetrically or 
?uorimetrically). The preferred embodiment of the inven 
tion is thus “homogeneous,” homogeneous designating that 
the entire method is conducted in a single vessel, rather than 
requiring aliquots to be transferred and tested in a different 
vessel. This makes the present method very highly suitable 
for high-throughput automation, Where it is desirable that 
material handling and manipulation requirements be 
reduced to an absolute minimum. 
As noted above, the output from the method begins to 

occur essentially immediately after adding the reagent mix 
ture to the incubated cells. Thus, data gathering can begin 
promptly after adding the reagent mixture. The signal gen 
erated by the method may be measured for anyWhere from 
a matter of seconds, to ten minutes, to thirty minutes or 
longer. In the preferred embodiment, the signal is measured 
folloWing a period of time generally on the order of 10 
minutes. 

In the preferred embodiment of the method, the substrate 
for a cytoplasmic enZyme having a half-life greater than tWo 
hours is lactate, and the cytoplasmic enZyme that forms the 
basis of the cytotoxic measurement is lactate dehydrogenase 
(LDH). LDH has a half-life of approximately 9 hours in 
culture medium at 37° C. folloWing cell lysis. The preferred 
dye for use in the invention is resazurin. MTS may also be 
used. The preferred electron transfer agent is the enZyme 
diaphorase, although Meldola’s Blue also may be used. 

It is also preferred that a stop solution (preferably a 
solution of sodium dodecylsulfate, SDS) be added to the 
reaction prior to measuring for production of the reduced 
state of the dye. 
The present method relies upon cytoplasmic components 

that have a long half-life after release from dead and dying 
cells. Thus, as noted above, in the preferred embodiment, 
LDH is the cytoplasmic component measured. Because the 
method utiliZes a cytoplasmic component With a relatively 
long half-life, minimal degradation of the component Will 
occur over a test period that may include incubation times of 
12 or 24 hours (or longer). The activity of the released 
cytoplasmic component With a long half-life can be mea 
sured more reliably than a released component With a short 
half-life, especially When the incubation period of the cells 
With the test agent results in release of the cytoplasmic 
component several hours before the reagent mixture is added 
to the vessel. 

It is much preferred, although not required, that the 
method be performed in a “homogenous” fashion, meaning 
that all of the steps of the method are carried out in the same 
vessel, in the presence of the cells being used in the method. 
This can be done, for example, in a test tube, a multi-Well 
plate, or any other suitable vessel. 
A second embodiment of the invention is directed to a kit 

for carrying out the above-described method. The kit com 
prises, in combination, a dye disposed in a ?rst container, the 
dye having an oxidiZed state and a reduced state Wherein the 
reduced state can be distinguished from the oxidiZed state 
and Wherein the dye is present in the oxidiZed state; a 
lyophiliZed substrate mix disposed in a second container, the 
substrate mix comprising an electron transfer agent, a sub 
strate for a cytoplasmic enZyme having a half-life greater 
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6 
than tWo hours, and a cofactor for the cytoplasmic enzyme; 
and (optionally) instructions for use of the kit. 

In the preferred embodiment of the kit, the reagent mix is 
an aqueous solution comprising: about 109 mM lactate; 
about 3.3 mM NAD+; about 2.2 U/ml diaphorase about 3.0 
mM Tris buffer; about 30 mM HEPES; about 10 mM NaCl; 
and about 350 uM resaZurin. Other component concentra 
tions may be used to the extent that the substrate, the 
cofactor and the electron transport agent are present in 
excess so that there is a suitable rate of reaction and to the 
extent that the osmolality of the reagent mix does not 
adversely affect the overall osmolality of the culture medium 
to the point that the cells are damaged. 

Optionally, a stop solution may be disposed in a third 
container. The stop solution generally comprises a soap, a 
detergent, or a strong base. Preferred stop solutions include 
SDS or sodium hydroxide. 

Also optionally, a lysis solution (for positive control 
experiments) maybe disposed in an additional (fourth) con 
tainer. Preferred lysis solutions include 9% W/v Triton 
X-lOO in Water. 

Another embodiment of the kit may contain a reagent 
mixture in a single container. Such kits comprise, in com 
bination, a buffer, a dye, a substrate for the cytoplasmic 
component, an appropriate cofactor for the cytoplasmic 
component, and an electron transfer agent, all disposed in a 
?rst container. For example, such a ?rst container Would 
contain, in combination, resaZurin, lactate, NAD+, diapho 
rase, Tris, HEPES and NaCl. The kit also contains instruc 
tions for the kit, and optionally, a stop solution. 
A primary advantage of the preferred embodiment of the 

present invention is that it provides improved media and 
methods that employ resaZurin or MTS as an indicator of 
cell death. In particular, the inventive method utiliZes a 
reagent mixture that is not deleterious to the viability of the 
cells being tested. Thus, the inventive method is “homoge 
neous” in that it can be performed in the same vessel in 
Which the cells are incubated, Without the need to remove a 
cell-free aliquots of the culture medium. In short, using the 
present invention, there is no need to draW a cell-free aliquot 
of the cell culture medium and run the test on the aliquot. 
The method can be performed directly upon the cell 
medium, in the presence of the incubated cells, in the same 
vessel in Which the cells Were incubated. 

Another advantage of the invention is that, in the pre 
ferred embodiment, it measures the activity of LDH to 
determine cell death. Because LDH has a long half-life 
(greater than 8 hours at 370 C.), the invention can be used to 
determine the extent of cell death over a long testing period, 
more accurately and more precisely than prior art methods. 

Another advantage of the invention is that because the 
assay conditions are not deleterious to the cells being tested, 
the living cells present in the culture When the assay is 
performed generate no more than an insigni?cant amount of 
signal above the background. This is because the cell 
membranes of the viable cells are not damaged by the 
reagent solution used in the method, and thus these viable 
cells retain their cytoplasmic LDH. Therefore, only LDH 
present in the medium, from a medium additive such as 
serum or released from membrane-compromised cells, is 
measured. This alloWs the assay to be performed directly in 
vessels containing viable cells. 
The utility of the assay is manifest in that determining the 

cytotoxicity of a given compound or composition is a critical 
piece of information in the drug discovery process. For 
example, cytotoxicity is desirable When the toxicity is spe 
ci?cally displayed against an identi?ed target cell type, such 
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as a given type of cancer, an infectious, disease-causing 
microorganism, or a parasitic organism. Cytotoxicity, of 
course, is undesirable When, for example, a putative neW 
drug is discovered to be cytotoxic to normal cells. The 
subject invention can be used in both instances to measure 
the cytotoxicity of a given test agent against a given cell 
type. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic rendering of the preferred method 
according to the present invention. 

FIG. 2 is a graph depicting cell number Qi-axis) versus 
the ?uorescence (560 nm excitation and 590 nm emission 
(Y-axis) for an exemplary run of the present method. The test 
Was performed using L929 cells (ATCC CCL-l). Intact cells 
(I), lysed cells (0). 

FIG. 3 is a graph depicting time after start of lysis in hours 
(X-axis) versus the ?uorescence (560 nm excitation and 590 
nm emission) (Y-axis) in an assay measuring the activity of 
G6PDH released from lysed L929 cells (I) and Jurkat cells 
(III). 

FIG. 4 is a graph depicting time after start of lysis in hours 
(X-axis) versus the ?uorescence (560 nm excitation and 590 
nm emission) (Y-axis) in an assay measuring the activity of 
LDH released from lysed L929 cells (C) and Jurkat cells 
(0). 

FIG. 5 is a graph depicting the cytotoxicity of TNFO. as 
measured using the method of the present invention. TNFO. 
concentration in ng/ml is presented on the X-axis; ?uores 
cence is presented on the Y-axis as in FIGS. 2 through 4. See 
Example 3. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The folloWing abbreviations are used throughout the 
speci?cation and claims. Words not expressly de?ned herein 
are to be given their normal and accepted meaning in the art. 
“L929 cells”:a ?broblastoid adherent cell line derived from 
C3H/An mouse subcutaneous areolar and adipose tissue, 
available commercially from the American Type Culture 
Collection (Manassas, Va.) under accession no. ATCC CCL 
l. 

“Jurkat cells”:a human lymphocyte T-cell line, available 
commercially from the ATCC under accession no. ATCC 
TIB-l52. 

“HEPES":N-2-hydroxyethylpiperaZine-N'-2-ethane 
sulfonic acid. 
“Known or putative pharmaceutical or therapeutic 

agent”:a chemical compound or formulation knoWn and 
used as a pharmaceutical agent, or a chemical compound or 
formulation being investigated for use as a pharmaceutical 
agent. 

“LDH”:lactate dehydrogenase. 
“MTS”:3-(4,5-dimethylthiaZol-2-yl)-5-(3-car 

boxymethoxyphenyl)-2-(4-sulphophenyl)-2H-tetraZolium, 
inner salt, available commercially from Promega Corp, 
Madison, Wis. 

“MTT”:3-(4,5-dimethylthiaZol-2-yl)-2,5-diphenyltetra 
Zolium bromide, available commercially from Aldrich. 

“NADH”:[3-nicotinamide adenine dinucleotide (proto 
nated form). “NAD+” indicates unprotonated form. 

“NADPH”:[3-nicotinamide adenine dinucleotide phos 
phate (protonated form). “NADP+” indicates unprotonated 
form. 
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8 
“resaZurin”:7 -hydroxy-3H-phenoxaZin-3 -one l0-oxide 

(sodium salt), available commercially from Aldrich (catalog 
no. 19,930-3). 

“resoru?n”:7-hydroxy-3H-phenoxaZin-3-one (the 
reduced form of resaZurin), available commercially from 
Aldrich (catalog no. 42,445-5). 
“SDS”:sodium dodecylsulfate. 
"Tris"?ris(hydroxymethyl)aminomethane. 
“Vessel”:indicates any container or holder Wherein the 

inventive method can occur. Includes single Well containers, 
such as test tubes, and multi-Well containers such as micro 
titer plates of any con?guration. “Vessel” also encompasses 
pads, patches, tapes, bandages, and the like, of any material 
construction, that are su?iciently absorbent to retain the cells 
and reagents needed to perform the subject method. 
“XTT”:sodium 3'-{(l-phenylamino-carbonyl)-3,4-tetra 

Zolium}-bis(4-methoxy-6-nitro)benZene-su acid hydrate. 
Referring noW to FIG. 1, Which is a schematic diagram of 

the preferred method according to the present invention, the 
method comprises incubating cells in a groWth medium and 
an agent to be tested (hereinafter referred to as the test 
agent). The cells are then incubated in the presence of the 
reagent mixture and the test agent for a period of time. 
Assuming the test agent, not shoWn in FIG. 1, is at least 
partially cytotoxic, this Will cause some cells to die and 
become “leaky”, thereby releasing cytoplasmic components, 
such as LDH, into the culture medium. 
The reagent mixture used in the method is non-toxic to the 

living cells. Thus it can be added directly to the cells being 
incubated, Without adversely affecting the outcome of the 
method. The reagent mixture comprises a solvent (prefer 
ably Water, and preferably buffered), a dye having an oxi 
diZed state and a reduced state Wherein the reduced state can 
be distinguished from the oxidiZed state and Wherein the dye 
is initially present in the oxidiZed state, an electron transfer 
agent, a substrate for a cytoplasmic component (such as 
lactate, a substrate speci?c for LDH), and an appropriate 
cofactor (such as NAD+ for LDH). As indicated in FIG. 1, 
the dye preferably is resaZurin, although the tetraZolium dye 
MTS can also used With success. Other redox indicators may 
also be used. The preferred electron transfer agent is the 
enZyme diaphorase, but Meldola’s Blue (also knoWn as 
naphthol blue, color index C.I.5 1175) (EM Science/Har 
leco, a division of Merck KGaA, Darmstadt, Germany) may 
also be used. 

In the preferred embodiment, the cells are incubated for a 
pre-determined amount of time in the presence of the test 
agent, after Which time the reagent mixture is added to the 
incubated cells. As shoWn in FIG. 1, When lactate is used as 
the substrate, and LDH is the cytoplasmic component being 
measured, LDH released from dead or dying cells initiates 
an enZyme-catalyZed series of reactions. In the ?rst reaction, 
lactate (one of the ingredients included in the reagent 
solution) is oxidiZed to form pyruvate. This reaction requires 
NAD+ and thus, in the preferred embodiment, NAD+ is 
included in the reagent mixture. 
The oxidation of lactate to pyruvate results in the pro 

duction of NADH. In a second reaction, the dye (resaZurin 
is shoWn in FIG. 1) is reduced in a reaction poWered by the 
NADH produced in the ?rst reaction and catalyZed by the 
electron transfer agent (in FIG. 1, diaphorase, the preferred 
electron transfer agent, is shoWn). Thus, as illustrated in 
FIG. 1, the preferred electron transfer agent diaphorase 
catalyZes the reduction of resaZurin to resoru?n, a reduction 
poWered by NADH. 

The end result is a method Wherein the release of a 
cytoplasmic component (LDH is shoWn in FIG. 1) from 
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dead and dying cells is measured indirectly by measuring the 
reduction of a dye, that reduction being driven via a reaction 
that is linked to the oxidation of a substrate speci?c for the 
released cytoplasmic component (e.g., the lactate to pyru 
vate conversion caused by the released LDH as shoWn in 
FIG. 1). The amount of the reduced dye formed is propor 
tional to the number of lysed cells. (See the Examples beloW 
for a further discussion.) The production of the reduced form 
of the dye can be measured calorimetrically or ?uorimetri 
cally, or other electromagnetic spectral measuring device, 
depending upon the dye. Resoru?n can be measured either 
colorimetrically or ?uorimetrically, hoWever, MTS can only 
be measured calorimetrically. Suitable measuring devices 
are exceedingly Well knoWn in the art and can be purchased 
from a host of commercial suppliers. 

In particular, When the dye used is resaZurin, reduction 
can be detected either by absorbance colorimetry or by 
?uorimetry. ResaZurin is deeply blue in color and is essen 
tially non-?uorescent, depending upon its level of purity. 
Resoru?n, the reduced form of resaZurin, is red and very 
?uorescent. When using colorimetry, the reaction is moni 
tored at Wavelengths Well knoWn in the art to be an absorp 
tion maximum for resoru?n (approximately 570 nm). Fluo 
rescence measurements of resoru?n are made by exciting at 
Wavelengths Well knoWn in the art (approximately 530 to 
560 nm) and measuring the emission spectrum (known to 
the art to have a maximum at about 590 nm). Because 
?uorometric detection is more sensitive than spectrophoto 
metric detection, in the preferred embodiment of the 
method, resaZurin is used as the dye and the production of 
resoru?n is detected ?uorimetrically. 

The medium in Which the cells are groWn or held does not 
limit the functionality of the invention, although non-reduc 
ing media are preferred to minimize any non-speci?c reduc 
tion of the dye. For microbial cultures, suitable media 
include, Without limitation, Mueller-Hinton Broth and tryp 
ticase soy broth. For mammalian cell cultures, suitable 
media include, Without limitation, RPMI 1640, RPMI 1640 
plus fetal bovine serum, and Dulbecco’s Modi?ed Eagle 
Medium, Hanks’ Balanced Salt Solution, Phosphate Bulf 
ered Solution. It has been observed that media naturally 
containing or supplemented With sodium pyruvate sloWs the 
rate of the LDH reaction and thus the rate of resoru?n 
generation. Depending upon desired sensitivity, longer 
development times may be desired. 

In one application of the method, the test agent Will be a 
putative groWth-inhibiting substance, such as an antimicro 
bial agent or a cytotoxic drug. The nature of the test agent, 
hoWever, is virtually unlimited. The test agent could be, for 
example, any element, compound, mixture, drug, or putative 
drug, in any form (such as solid, liquid, or gas) or a set of 
environmental conditions (such as any combination of heat, 
humidity, light, oxygen level, and the like) desired to be 
tested for its cytotoxic effects. The method can also be used 
to test knoWn antimicrobial agents and cytotoxic drugs for 
the purpose of determining Which chemotherapeutic agents 
Would be most effective against a given infection or cell 
type. The S method can also be utiliZed With unknoWn or 
suspected antimicrobial agents and drugs for the purposes of 
determining their potential activity against a given micro 
organism or cell type, e.g., high-throughput screening of 
substances for biological activity as part of drug screening or 
other activities. 

Cells to be used in the method may be collected from any 
source, and may be eukaryotic or prokaryotic. For example, 
human cells may be collected by doctors in their o?ices and 
sent to a central testing laboratory for testing using the 
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10 
present method, or cell specimens may be collected from 
patients in a hospital. The microorganism specimens may 
come from any part of the human or animal body, such as 
from cerebral spinal ?uid, an abscess, an infected Wound, 
genital infections, etc. The cells may be from tumor biopsies 
or other specimens. The cells to be tested may also come 
from food samples, soil samples, etc. In short, the nature of 
the cells to be tested and their source is not critical to the 
invention. 
The collected specimens are cultured on or in a suitable 

medium, as noted above, in accordance With conventional 
laboratory practice. From the bacterial colonies or cellular 
clones on the primary culture plate, an inoculum is prepared 
in accordance With an established procedure Which produces 
a bacterial or cellular suspension of a prearranged concen 
tration. Further processing of the suspension depends on the 
particular apparatus and method to be used for susceptibility 
testing. 
One preferred outcome of bacterial testing is to generate 

information on the probable success of treating a given 
population With a selected antibiotic. Another use of the 
invention is to test for the presence of microbes in a mixture, 
solution or on a surface thought to be free of them. The 
purpose of cellular cytotoxicity testing may be to determine 
the susceptibility of the tumor cells to particular chemo 
therapeutic drugs or test agents, or for screening potential 
drug candidates, or to determine Whether a given drug 
candidate exhibits undesirable cytotoxicity to normal cells 
or any indicator cell type. 
The method described herein is inherently quantitative in 

that the amount of the reduced form of the dye produced is 
proportional to the number of cells lysed. The method, 
hoWever, can be used both for quantitative testing and 
qualitative testing. The term qualitative testing refers to 
testing apparatus and methods Which produce test results 
that generally indicate Whether an organism or cellular 
specimen is sensitive or resistant to a particular antibiotic or 
cytotoxic test agent. The relative degree of sensitivity or 
resistance is not reported in qualitative testing. The term 
quantitative testing refers to testing apparatus and methods 
Which produce test results that provide data on the concen 
tration of the antimicrobial or cytotoxic product that Will be 
su?icient to inhibit groWth of the microorganism or other 
cell type. Typically, for microorganism specimens, six or 
more different dilutions of the test agent are utiliZed, cov 
ering the therapeutic range of concentrations of the test 
agent. The term minimum inhibitory concentration (MIC) is 
often used to refer to the result provided by quantitative 
testing of a test agent and is de?ned as the minimum 
concentration of the test agent that Will produce inhibition of 
the groWth of the cells used in the method. 

The general protocol of the method proceeds as folloWs: 
First, a lyophiliZed substrate mixture is reconstituted in a 

buffer and alloWed to equilibrate to assay temperature (usu 
ally room temperature). This yields a reagent mixture that 
contains all of the required components to perform the 
method. 
The reagent mixture is then added to the sample(s) to be 

measured, the samples having been previously incubated for 
a pre-determined time in the presence of knoWn concentra 
tions of the test agent. The samples are then gently mixed to 
ensure uniformity. The samples are then incubated for a 
predetermined amount of time, preferably about ten minutes, 
prior to gathering the ?uorescent or colorimetric data. 
The reactions are stopped by the addition of a suitable 

stop reagent, preferably 3% W/v SDS in Water or an aqueous 
solution of sodium hydroxide (l N). 
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The ?uorescence of the reduced form of the indicator dye, 
preferably resoru?n, is then recorded. The amount of ?uo 
rescence is indicative of the quantity of cytoplasmic com 
ponent (e.g., LDH) activity present in the sample. The 
preferred ?lter set for ?uorescent recording measures exci 
tation at 560 nm and emission at 590 nm. Other slight 
variations from these Wavelengths are possible. 

If resazurin is used as the dye and ?uorescence is the 
endpoint measured, the vessel in Which the reaction is 
performed, such as microtiter assay plate, should be com 
patible With a micro-Well ?uorimeter. If MTS is used as the 
indicator, the vessel in Which the reaction is performed 
should be compatible With 490 nm absorbance measure 
ments. 

The present invention is also draWn to kits that contain 
reagents and instructions necessary to carry out the above 
methods. In its most preferred form, the kit includes an assay 
buffer containing a dye (again, the dye having an oxidized 
state and a reduced state Wherein the reduced state can be 
distinguished from the oxidized state and Wherein the dye is 
present in the mixture in primarily the oxidized state) 
disposed in a ?rst container. The kit also includes a lyo 
philized substrate mix containing an electron transfer agent, 
a substrate for a cytoplasmic component (e.g., lactate) and 
an appropriate cofactor for the cytoplasmic enzyme (e.g., 
NAD+ in the case of LDH) disposed in a second container. 
An optional third container may hold a stop solution. An 
optional additional container may hold a lysis solution. The 
kit should also include instructions for hoW to use the kit. 

It is preferred that the substrate mixture be present in the 
form of a lyophilized poWder that is then reconstituted With 
a buffer to yield a reagent mix that is non-toxic to cells and 
Which contains the components required to practice the 
method of the present invention. This embodiment is pre 
ferred because the lyophilized substrate mix is easier to store 
and transport. The kit, hoWever, may also be con?gured so 
that the necessary components listed above are packaged in 
the form of a pre-made reagent mix, ready for use. 

In the preferred embodiment of the kit, the dye is resa 
zurin or 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethox 
yphenyl)-2-(4-sulphophenyl)-2H-tetrazolium, inner salt 
(MTS). It is also preferred that the substrate for the cyto 
plasmic enzyme is lactate. It is preferred that the electron 
transfer agent be an enzyme, most preferably diaphorase. If 
LDH is the cytoplasmic enzyme measured, it is also pre 
ferred that the reagent mixture further contain NAD+ as the 
cofactor. 

Thus, When the substrate mixture is reconstituted into a 
reagent solution, it is preferred that the reagent solution 
comprises an aqueous solvent, lactate (e.g., lithium lactate), 
NAD+, diaphorase, Tris buffer, HEPES, NaCl and resazurin 
or MTS. More speci?cally, When the substrate mixture is 
reconstituted, it is preferred that the reagent solution contain 
the folloWing components: from about 50 mM to about 250 
mM lithium lactate; from about 0.1 U/mil to about 10 U/ml 
diaphorase; from about 0.5 mM to about 10 mM NAD+; 
from about 1 mM to about 10 mM Tris buffer; from about 
10 mM to about 100 mM HEPES, from about 1 mM to about 
100 mM NaCl; and from about 50 uM to about 500 uM 
resazurin. These components are present in a manner that is 
consistent With the required osmolality of the cells under 
investigation (about 310 mOsm for most mammalian cell 
types). Optimization of kinetics may be necessary, and are 
Well Within the skills of the typical artisan. 

In the most preferred embodiment, the substrate mixture, 
When reconstituted, yields a reagent solution comprising the 
folloWing components: about 109 mM lithium lactate; about 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

12 
3.3 mM NAD+; about 2.2 U/ml diaphorase; about 3.0 mM 
Tris buffer; about 30 M HEPES, about 10 mM NaCl; and 
about 350 uM resazurin. 

It is preferred that When the substrate mixture is recon 
stituted (or if the components are presented in the form of a 
ready-made solution), that the solution have a pH of from 
about 7.0 to about 8.0, more preferably from about 7.25 to 
about 7.60. 
The stop solution of the kit preferably is an aqueous 

solution of a soap, detergent, or a strong base such as sodium 
hydroxide. The preferred stop reagent is a 1% to 5% solution 
of SDS or sodium hydroxide (preferably IN). A 3% solution 
of SDS is preferred. 

EXAMPLES 

The folloWing Examples are provided for illustrative 
purposes only. The Examples are included solely to aid in a 
more complete understanding of the invention described and 
claimed herein. The Examples do not limit the scope of the 
invention in any fashion. 

Example 1 

Demonstrating Background and Linearity: 
A reagent solution Was prepared combining a lyophilized 

substrate mixture With the assay buffer containing resazurin, 
and all of the ingredients required to measure the release of 
LDH from dead cells. The buffer solvent used to reconstitute 
the lyophilized substrate mixture Was designed so that When 
it is used to reconstitute the mixture, the resulting solution 
has an osmolarity that is compatible With living cells. That 
is, the resulting solution Was isotonic With the cells. When 
used to reconstitute the lyophilized substrate mix, the 
reagent solution contained: 

lactate: 109 mM 
NAD+: 3.34 mM 
diaphorase; 2.17 Units/ml 
Tris buffer: 3.05 mM 
HEPES: 30 mM 
NaCl; 10 mM 
resazurin: 350 pM 

L929 cells Were cultured in F-12/DME With 10% FBS and 
serially-diluted in a microtiter plate to yield duplicate Wells 
containing approximately 0, 1562, 3125, 6250, 12,500, 
25,000, and 50,000 cells per Well, in 90 ul total volume. 
Cells Were incubated at 370 C. for su?icient time to alloW 
attachment (about 1.5 hours). Microtiter plactes containing 
cells Were then removed from the incubator and in one set 
of Wells, 10 pl of Triton X-100 (a lysing agent) Was added 
and lysis Was alloWed to proceed to completion (about 30 
minutes), While the cells equilibrated to room temperature. 
The other set of Wells Was left unlysed; 10 pl of phosphate 
buffered saline (PBS) Was added to these as a volume 
control. Assay reagent mixture Was prepared as previously 
described, and alloWed to equilibrate to room temperature. 
After lysis Was complete, 100 pl of reagent mixture Was 
added to each Well. The tWo sets of Wells Were alloWed to 
incubate for 10 minutes. After 10 minutes, 50 ul of a stop 
solution (3% SDS) Was added to each Well. The ?uorescence 
of each Well Was then measured (excitation 560 nm, emis 
sion 590 nm). The results are shoWn in FIG. 2. 
As can be seen from FIG. 2, in the Wells Where no lysing 

agent Was present, a minimal background amount of ?uo 
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rescence Was detected. In the Wells Where the lysing agent 
Was added, the ?uorescence rises in a linear fashion, pro 
portional to the number of cells in each Well. As can be seen 
from FIG. 2, the method yields linear results from 0 to at 
least 500 cells per Well to at least 50,000 cells per Well. Other 
cell lines have been tested and shoW similar results. 

This Example shoWs that the subject method can be used 
to calculate the cytotoxicity of a test agent because the 
amount of ?uorescence detected is knoWn to be proportional 
to the number of cells lysed. 

Example 2 

Stability of LDH in Culture Medium Compared to Stability 
of G6PDH 

FIGS. 3 and 4 depict the activity of glucose-6-phosphate 
dehydrogenase (G6PDH) (FIG. 3) and lactate dehydroge 
nase (LDH) (FIG. 4) in culture medium under identical 
assay conditions for tWo different cell types, L929 cells and 
Jurkat cells. The assay conditions used Were similar to those 
listed above in Example 1. For measurement of G6PDH, 
glucose-6-phosphate and NADP+ Were substituted for lac 
tate and NAD+ and the concentration of resazurin Was 
reduced to 250 uM to help increase the rate of resoru?n 
development. Previous Work With this G6PDH reagent indi 
cates that ?uorescence is proportional to the number of cells 
lysed. The L929 cells and Jurkat cells samples to be tested 
Were assembled, and a lysing agent Was added. To monitor 
stability of the released cytoplasmic enzymes, cells Were 
maintained at 370 C. folloWing addition of the lysis deter 
gent. The amount of ?uorescence Was then measured at 1, 2, 
4, and 6 hours from the time the lysing agent Was added. 
FIGS. 3 and 4 thus depict the stability of LDH in culture 
medium as compared to the stability of G6PDH under the 
same conditions. As can be seen from FIG. 4, even 6 hours 
after adding the lysing agent, the LDH released from both 
L929 cells and Jurkat cells retains Well over 50% of its 
starting activity. In sharp contrast, as can be seen from FIG. 
3, G6PDH, under the identical conditions, loses more than 
50% of its starting activity Within 2 hours of adding the 
lysing agent. 

This Example shoWs that in the preferred embodiment of 
the present invention, the method relies upon an enzyme, 
LDH, Whose half-life in culture medium is greater than 8 
hours. Thus, the present invention can be used to measure 
cytotoxicity over longer incubation periods than assays 
knoWn prior to the current disclosure. 

Example 3 

Measuring the Cytotoxicity of TNFO. Using the Present 
Invention 

L929 cells (2000 cells/Well) Were prepared using a 384 
Well tissue culture plate in F-12/DME medium supple 
mented With 10% horse serum. The cells Were alloWed to 
attach and groW for 24 hours at 37° C., 5% CO2. Various 
concentrations of TNFO. (n:4) in the presence of actinomy 
cin D (1 ug/ml ?nal) Were added to the Wells and the plate 
Was then incubated for 20 hours. An equal volume of reagent 
(25 ul/Well) Was then added and the plate Was shaken for 30 
seconds. The plate Was incubated for 10 minutes at 220 C., 
after Which 12.5 ul/Well of 3% SDS solution Was added to 
stop the reaction. Fluorescence Was then determined at 560 
nm excitation and 590 nm emission. 

The results of this Example are depicted in FIG. 5. As 
shoWn in FIG. 5, the amount of observed ?uorescence rose 
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14 
in a TNFO. dose-dependent fashion at TNF concentrations 
ranging from zero to about 0.125 ng/ml TNF. Above about 
0.125 ng/ml, the amount of observed ?uorescence remained 
essentially constant, indicating that all of the cells in the 
Wells had been lysed at or above this concentration of TNFot. 
These results indicate that the invention measures ?uores 
cence folloWing cell lysis at a rate proportional to lysis by a 
knoWn cytotoxic agent. 
What is claimed is: 
1. A kit for measuring cytotoxicity of a test agent, the kit 

comprising, in combination: 
a dye disposed in a ?rst container, the dye having an 

oxidized state and a reduced state Wherein the reduced 
state can be distinguished from the oxidized state and 
Wherein the dye is present in the oxidized state, Wherein 
the dye is resazurin or 3-(4,5-dimethylthiazol-2-yl)-5 
(3-carboxymethoxyphenyl)-2-(4-sulphophenyl)-2H 
tetrazolium, inner salt (MTS), 

a substrate mix disposed in a second container, the sub 
strate mix comprising an electron transfer agent, a 
substrate for a cytoplasmic enzyme having a half-life 
greater than tWo hours, Wherein the substrate is lactate, 
and a cofactor for a cytoplasmic enzyme; 

Wherein the substrate is oxidized upon contact With a 
cytoplasmic enzyme, and oxidation of the substrate 
drives reduction of the dye; and 

instructions for use of the kit. 
2. The kit of claim 1, Wherein the dye is disposed in a ?rst 

premixed, ready-to-use reagent mixture comprising an aque 
ous buffered solution. 

3. The kit of claim 1, Wherein the reduced state of the dye 
can be distinguished from the oxidized state of the dye 
?uorimetrically. 

4. The kit of claim 1, Wherein the reduced state of the dye 
can be distinguished from the oxidized state of the dye 
colorimetrically. 

5. The kit of claim 1, Wherein the electron transfer agent 
is an enzyme. 

6. The kit of claim 1, Wherein the electron transfer agent 
is diaphorase. 

7. The kit of claim 1, Wherein the electron transfer agent 
is Meldola’s Blue. 

8. The kit of claim 1, Wherein the cofactor comprises 
NAD+. 

9. The kit of claim 1, Wherein the dye is resazurin and the 
substrate mix comprises a second premixed, ready-to-use 
reagent mixture comprising an aqueous buffered solution 
comprising lactate, NAD+, diaphorase, Tris buffer, HEPES, 
and NaCl. 

10. The kit of claim 9, Wherein the second reagent mixture 
comprises an aqueous buffered solution comprising: 

from about 50 mM to about 250 mM lactate; 
from about 0.1 U/ml to about 10 U/ml diaphorase; 
from about 0.5 mM to about 10 mM NAD+: 
from about 1 mM to about 10 mM Tris buffer; 
from about 10 mM to about 100 mM HEPES; and 
from about 1 mM to about 100 mM NaCl. 
11. The kit of claim 9, Wherein the second reagent mixture 

comprises an aqueous solution comprising: 
about 109 mM lactate; 
about 3.3 mM NAD+; 
about 2.2 U/ml diaphorase; 
about 3.0 mM Tris buffer; 
about 30 mM HEPES; and 
about 10 mM NaCl. 
12. The kit of claim 9, Wherein the reagent mixture has a 

pH of from about 7.0 to about 8.0. 
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13. The kit of claim 9, wherein the reagent mixture has a 
pH of from about 7.25 to about 7.60. 

14. The kit of claim 1, further comprising a stop solution 
disposed in a third container. 

15. The kit of claim 14, Wherein the stop solution com 
prises a soap or a detergent. 

16. The kit of claim 14, Wherein the stop solution com 
prises sodium dodecylsulfate. 

17. The kit of claim 14, Wherein the stop solution com 
prises sodium hydroxide. 

18. A kit for measuring cytotoxicity of a test agent, the kit 
comprising, in combination: 

a dye selected from the group consisting of resaZurin and 
3-(4,5-dimethylthiaZol-2-yl)-5-(3-carboxymethox 
yphenyl)-2-(4-sulphophenyl-2H-tetraZ olium, inner 
salt (MTS), the dye having an oxidized state and a 
reduced state Wherein the reduced state can be distin 
guished from the oxidiZed state and Wherein the dye is 
present in the oxidiZed state; 

a substrate mix, the substrate mix comprising an electron 
transfer agent, a substrate for a cytoplasmic enZyme 
having a half-life greater than tWo hours, Wherein the 
substrate is lactate, and a cofactor for a cytoplasmic 
enzyme; 

a suitable container, Wherein the dye and the substrate mix 
are disposed in the container; 

Wherein the substrate is oxidiZed upon contact With a 
cytoplasmic enZyme, and oxidation of the substrate 
drives reduction of the dye; and 

instructions for use of the kit. 
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19. The kit of claim 18, Wherein the dye and the substrate 

mix are lyophiliZed. 
20. The kit of claim 18, Wherein the dye and the substrate 

mix are combined With a premixed, ready-to-use reagent 
mixture comprising an aqueous buffered solution. 

21. The kit of claim 20, Wherein: 
the dye is resaZurin, and the resaZurin is present in the 

reagent mixture in a concentration of from about 50 uM 
to about 500 uM; 

the electron transfer agent is diaphorase, and the diapho 
rase is present in the reagent mixture in a concentration 
of from about 0.1 U/ml to about 10 U/ml; 

the lactate is present in the reagent mixture in a concen 
tration of from about 50 mM to about 250 mM; 

the cofactor for the cytoplasmic enZyme is NAD+, and the 
NAD+ is present in the reagent mixture in a concen 
tration of from about 0.5 mM to about 10 mM; 

and the reagent mixture further comprises 
from about 1 mM to about 10 mM Tris bulTer; 

from about 10 mM to about 100 mM HEPES; and 

from about 1 mM to about 100 mM NaCl. 

22. The kit of claim 18, Wherein the dye is resaZurin; and 
further comprising a premixed, ready-to-use reagent mixture 
comprising an aqueous buffered solution comprising lactate, 
NAD+, diaphorase, Tris bulTer, HEPES, and NaCl disposed 
in the container. 


